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C U9libiO Bbi.IICH9HJHI BlliUIHHH B8.1CyyMHOl! CHCTeMbl H!l a¢qlez:THBHOCTb TeqeHCJt!lHH.II 

II OUpe,lleneHHH HaHMeHbWell BeliH'lii,Jlbl Te'lll, perHCTpHpyeMOll Teqei!Cit!lTeUeM B J'CliOBHSIX 

/1/ 3 
BllltYYMHOJI: CIICTeMbl UllltliOTpOHB Y-300 ( o6'b9M - 70 M 0 CJ'MM!lpH!l.ll CKOpOCTb OTJtaq-

ltll - 2,6,10
4 

n/cez:), fihlnll npoae,lleHbl onb!Tbl c z:anHfipoaauHhlMH Te'IBMII, ycTauoaneHHhlMII 

HB Wli103e npofiHHJta, Hafiop TeqeJI: B KOnl!'l9CTB9 6 WT H3rOTOBUeH 113 Me,llHb!X TpyfioqeK 

.llnl!HCnl 70 MM H BH)'Tp9HHIIM .llll!lMeTpOM 1,5 MM 0 Ha O.llHOM KOHne cnnroCH)'TbiX no .lllii!He 

1 CM, 3TH TpyfiO'lltll Bna.IIHbl B O.llH)' ofilll)'IO Tpyfixy 6 - 14 MM, KOTOpa.ll BCT8Bli.IIli8Cb B 

CTaH.ll!lpTHb!JI: 'rpHfiOK', np11 Ofl.ll)'B!lHIIH remreM KBKOlt-nHfiO 113 Te'lelt OCTanbHble OCT!lBa

nl!Cb 38Jtpb!TblMII pe3HIIOBbiMII TpyfiK8MH 0 3arnyweJIHb!Mll H!l .llpyrOM KOHne, TBK 'ITO renal!: 

He nona,llan B HHX, np11 npoaepKe H!l Te'lei!CKaTene nTH-6 B 3TOM ycTpOltCTBe Te'lll He 

o6nap:yJKeHbl, BenH'li!Hhl Te'lell no noToz:y BTMoc<t>epnoro B03.llyxa H3MepanHcb MeTO.llOM 

firopeTKl! C neHOll ,lleneHI!B 1,1Q-
2

cM
3

, OHII OK838lli!Cb paBHb!MII 0,11; 0,42; 0,83; 1,1; 

3,3 nMTop/ceK, Bo apeMH .npoae,lleHHSI onb!TOB OTita'llta ofiwMa aenacb TpeM.II B!lKYJ'MHbiMH 

arperaTaMH BBA-20-2a npu .llSBneHHH a Tpy6onpoBo.lle npe.llaapuTenbHOII OTJt!l'lKH 50 MTOp. 

Hcnonb30BBliCH Te'leiiCKSTelib nTH-4A, nO.llC09.lli!HeHHbllt qepe3 BBK)')'MH)'lO Tpy6Ky .llnli

HOII: 1 M H .lliiSMeTpOM 15 MM K Tpy6onpOBO.llJ' B MecTe C09.lli!H9HIIII 3-x Tpy6, R.ll)'llli!X 

OT BbiXO.ll!l BSK)')'MHbiX arperaTOB, JlaaneHHe B K8Mepe MGHHliOCh OT 8,10-
6 

TOp .llO 
-6 . 

8,7,10 TOp UpH OTKpb!BBHIIII H8H60UbWelt T9'111 3,3 liMTOp/ceK, Ufi.llyB8HH9 Te'lell np0113Bo-

.llHliOCb CTSH.llapTHhlM o6.llyaaTeneM np11 cna6olt CTpye renHII, Bo acex onb!Tax conno o6-

.ll)'BSTens npucTaansnocb annoTuyro K Te'IH, HecKOllbKO OTC'leToB Te'leHcKaTell.ll 6hlno no

nyqeuo npa paccTO.IIHHH o6.llyBaTeliH .llO Te'IH oKono 1 cM, Te'leHcKaTenh 6bln uacTpoeu 

no B03.llYWHOMY naKy ren~~s, 11 ero pa6oTa npoaep.11nacb no Te'll! 0,1 nMTop/ceK, BpeMSJ 

OIS.llyBSHIIll H3M9p.llliOCb CeKyH.llOMepOM OT MOM9HT!l nO.llH9C9HHII CTp)'ll reUH.II .llO MOMGHT!l 

ee CHSITHB. 

Pe3)'llhTSTbl onhlTOB npe.llCTaBneHbi a BH.lle rpa<t>uKoB, Ha puc. 1 .llSHbl KpHable Max

caManhHoro OTC'l9TB a max B .ll9li9HHSIX WKanbi BbiHOCHOrO np1160pa, KpHBbl9 Bp9M9HH 

.O.OCTH»<::eHHSI amax .llll.ll T9'lll 0,11 liM TOp/ CGK H Bp9M9HH O'IHCTKH OT reliHH r O'l .llliH 

aTOlt JKe Te'lll a 3BBHCHMOCTH OT apeMeHH o6.nyallHIIH t 0 , H3 aTHx xpHBbiX cne,llyeT, 

'ITO MBKCIIMBlibHbiJI: OTC'l9T .IIOCTHr!leTC.II '19pe3 Bp9MH 06.llyBSHIIH 76 C9K 0 KOTOpOe COBna

JlB9T co 3HaqeuueM JT , r.ne T - nocTosuuas apeMeuu OTKS'lltH o6"beMa Tpy6onpoao

.llB .llO C9'19HH.II0 B KOTOpOM nO.llC09.11HUeH Te'leHCK8T9lib ( V • 75 n; S • 3 n/ce:z:) 0 a 

3T - Bp9M.II .llOCTRJK9UB.II 95%-ro CTBitROH!lpHoro nOTOKa ren11.11 H!l 3TOM J''l!lCTJte Tpy6o

npoBO.Il!lo .Use .npyrBe liJlliBble nOJUl3biB!lalT, 'ITO R3MeHeHHe a max npoHCXO.llRT peaxo npa 

NBithiX apeueuax o6JlYBaJIIUI .no 6-IOcex, a 38TeM a,.ax Me.nneRHo BoapacTaeT, .llOCTBrBB ua

CLillleHB>Io Taxoa xce xo.n xpuaoA apel.leHH OTxa'IKB renHll H3 CRCTeMLI, 3TH peaynhTBTLI 

3 



roBopHT o TOM, 'ITO aHB'IHTenbHoe yBenH'IeHae BpeMeHH o6nyaaHHH ( T1e. yMeHbWBHHe 

CKOpOCTH nepeMeWeHHH o6nyBaTeiiH) He DpHBOnHT K cywecTBeHHOMy DOBbiWeHHIO 'lyBCTBH-

121 
TellbHOCTH ( 'ITO DOnTBep)l{naeT BbiBOnbl pa60Tbl ) , HO 38THrHB89T Dponecc Te'!eHCK8HHg, 

EcnH Bbi6HpaTb BpeMSJ o6nyBBHHSJ nopBnKa T (nnSJ Y-300 25 ceK), TO 6yneT nocTHrHy

Ta DO'ITH M8KCHM81IbH8S1 'JYBCTBHTellbHOCTbo TO'IKH 1 OTMe'!eHHble KpeCTHKOM, nony'leHbl DpH 

paccTOSJHHH o6nyBaTenSJ no Te'IH 1 eM. KaK BHnao, Benaqgaa OTC'IBTa CHH)I{aeTcH B 

3-4 paaa nDSJ TOll )l{e CSMOll BeiiH'IHHbl Te'IH H BpeMeHH o6nyBSHHS1 1 'ITO YK83biB8eT Ha 

BIIHSJHHe MeTOnHKH o6nyBaHHSI, 

Ha pH c. 2 naHbi KpHBble H3MeHeHHH BpeMeHH nocTH)I{BHHSJ eTc 'leTa 20 nen. npH _ Bpe-

MeHH o6nyB8HHS1 ceK B 38BHCHMOCTH OT BeiiH'IHHbl Te'IH, KpaBaSJ 1 - o6nyaaTenb non-

HeCeH BniiOTHYIO K Te'IH, 2 - o6nyBaTellb Ha pBCCTOSJHHH eM. Ha cpaBaeHHH STHX KpHBbiX 

cnenyeT, 'ITO nng MSIIbiX Te'lell H DpH MSIIbiX BpeMeHaX o6nyBaHHSI p83HHU8 B BeiiH'IHHe 

ape!'feHH OTC'IeTa cywecTBeHHa ,Ho c yaenH'IeHHeM aenH'IHHbl Te'IH oHa yMeHbwaeTcSJ, ae

poHTHo, H3-38 o6pa30B8HHSI HBnpSBIIeHHOro nOTOK8 B03nyxa K Te'IH H CTpeMHTCSI K lleKo

TOpOMY nocTOSJHHOMY 3HB'IeHHIO 8-10 CeK, 

3To BpeM~,no-BHnHMoMy, onpenengeTCH BpeMeHeM nepeHoca renHSJ no ~opBaKyyMao

MY Tpy6onpoBOny OT MOMeHT8 ere nOHBIIeHHSI HS BbiDYCKe napocTpyliHOrO H8COC8 no nona

naHHSI B K8Mepy Te'leHCKBTeiiSJo JiepeHOC reDHSI nnH p8CCM8TpHB8eMblX yCIIOBHll OCYWBCT

BIIHeTCSI ere nHcp~yaHell B nBH)I{yWellcSJ C H9KOTOpOll CpenHell CKOpOCTblO r3..~0BOll cpene 

(aoanyx). BpeMH nepeMeweHHH renHH Ha paccTOHHHe L onpenenHeTcH ~opMynoll131 : 

2 2 2 
t L = - ( D/v ) + [ ( D/v ) + 

2 I> 
( L/ v ) I ( 1) 

rne V - cpenHSJSJ CKOpOCTb Boanyxa B Tpy6onpoBOne; 0 -KOScp~HUHeHT nHcp~y3HH re

IIHSI B Boanyxe, paBHblll: 

D = 4· 10 
5 

I p 
(2) 

D - B cM
2 

leeK, P - cpenHee nBBneHHe Boanyxa B Tpy6onpoBone B MTop. CpenHHH CKo

pocTb Boanyxa no Tpy6onpOBO.Ily npH BSI3KOCTHOM Te'leHHH Bb!p8)1{8eTCSI ~OpMynoll: 

v = S/'ITR
2 

(3) 

rne_ S - CKOpOCTb OTK8'1KH MeX8HH'I9CKOrO H8COC8 no Boanyxy B CB'IeHHH Tpy6onpoaona 

B TOM MeCTe, rne noncoenHHeH Te'leHCK8Tellb0 B CM
3 leeK; R - panHyc Tpy6bl B CMo 6 

yCIIOBHSIX npOBe.lleHHLIX OnbiTOB - S = 3nlceK; 

3 2 
Ha OCHOB8HHH (2) H (3); 0 s 8.10 CM leeK; 

t L = 8,6 CBK. 

p =50MT0p, R - 5 CM nony'IHM 

V = 38 CMICeK; H H8 OCHOB8HHH ( 1)-

Bbi'IHcneaHoe aaaqeaHe t L H nonyqeHHoe H3 SKCnepnMeHTBIIbHbiX naHHbiX HaxonaT

CSJ B Y.llOBII9TBOpHT91IbHOM cornaCHH 0 'ITO YK83biB89T Ha BIIHHHH9 STOre ~8KTOpa H8 Bp9M9H

Hble X8p8KT9pHCTIJKH nponecca Te'!eHCKaHHSI, 
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KpaaaSJ 3 aa STOM pHcyaKe anniOcTpHpyeT H3MeHeHHe M8KCHM81IbHoro OTC'IeTa OT 

B91IH'IHHbl Te'IH npH BpeMeHH o6nyBaHHS1 1 CeK, Ha OCHOB8HHH STOll H npenbl.llYWHIC KpHBbiX 

MO)I{HO cynHTb 0 H8HM9HbW9ll BeDH'IHHe Te'IH, yaepeHHO 06Hapy)I{HB89MOll B yCIIOBHHX UHK"" 

IIOTpOH8 1 3H8'1eHHe KOTOpoll HSXOnHTCSJ B npenenax 0,1-1 IIMTOplceK, YfcnODb30B8HHe Te

'leHCK8T91IS1 nTYf-6 n03BOIIHT yMeHbWHTb STY BeiiH'IHHY B 10-100 paa, T8K K8K ere cot5-

CTBeHHSH 'JYBCTBHTellbHOCTb 3H8'1HTellbHO Bblllle, HOB Dpouecce Te'!eHCK8HBS1 H3-38•38Co

peHHS1 BBKyyMHOll CHCTeMbl renHeM pat50T8 H8 noBblllleHHOll 'JYBCTBBTBIIbHOCTH orpaHH'IeHa, 

C pOCTOM BBIIH'IHHbl Te'IH OTC'IBT yBeiiB'IHB8&TCSI HeiiHHeliHO (KpHB8SI 3) H npH BeiiH'IHH9 

t5onee 5 IIMToplceK noCTHraeT H9KOTOpOrO H8Cb1WeHHSio 3TO SIBIUieTCH onHHM H3 cpaKTOpOB, 

DpenHTCTByiOWHX onpenelleHHIO BeiiH'IHHbl Te'IH no 3H8'1eHHIO M8KCHM81IbHOrO OTC'IeTa Te'le

HCKSTeiiH nTYf-4A, 6 pe81IbHblX yCIIOBHHX onpeneneHHe BeiiH'IHHbl Te'IH YCIIO)I{HHeTCH He

H3BeCTHOll CTpyKTypoll Te'IH, BIIHSIHHeM ee MeCTOpacnOIIO)I{eHHH, yCIIOBHSIMH o6nyBBHHH, 

BIIHSIHHBM C8MOll B8KyyMHOJi CHCT9Mbl H np~ 

max 

Ha puc. 3 naHa 38BHCHMOCTb BpeMeHH O'IHCTKB cHcTeMbl OT renBH OT aHa'leHBB 

1 H3 KOTOpoll BH.IlHO, 'ITO STO BpeMSI paCT9T HeiiBH9liH01 noCTHrag HBqbiiUe-

HHH .lliiH naHHbiX ycnOBHli,H COCTSBIIHeT He60ilbWYIO BBIIH'IHHy 5-6 MHH, onpenengeMylO B 

OCHOBHOM napaMeTp8MH BBKyyMHOJi CHCTeMbl, 

npH npyrHX YCIIOBHHX Te'leHCK8HHSI 0 Bbi3B8HHbiX H3MeBeHHeM OCHOBHbiX napaMeTpOB 

BaKyyMHOll CHcTeMbl ( CKOpOCTH 0TK8'1KB, nBBneHHH B K9Mepe H H8 cpopBaKyyMe H np. ) , 

MO)I{eT npOH30liTH cyiUeCTBeHHOe yxynweHHe BCBX napaMeTpOB Te'I9HCK8HHH, 

B aaKniO'!eHHe BBTOp 6naronapHT '!lleHa- KoppecnoHneHTa AH CCCP [' .H.<l>nepoaa a a 

noCTBHOBKy aana'IH, H.A.Ty)I{HKOBS 38 DOMOlUb DpB npoBeneHHH OnbiTOB, 

nuTepaTypa 

1. H.<t>.Manblwea, B.1.Por03HHCKHII. BaKyyMHBH cHCTeMa UHKIIOTpoHa MHoroaapHnHbiX 
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